Abstract In recent years, groundwater quality has become a global concern due to its effect on human life and natural ecosystems. To assess the groundwater quality in the Amol-Babol Plain, a total of 308 water samples were collected during wet and dry seasons in 2009. The samples were analysed for their physico-chemical and biological constituents. Multivariate statistical analysis and geostatistical techniques were applied to assess the spatial and temporal variabilities of groundwater quality and to identify the main factors and sources of contamination. Principal component analysis (PCA) revealed that seven factors explained around 75 % of the total variance, which highlighted salinity, hardness and biological pollution as the dominant factors affecting the groundwater quality in the Plain. Two-way analysis of variance (ANOVA) was conducted on the dataset to evaluate the spatio-temporal variation. The results showed that there were no significant temporal variations between the two seasons, which explained the similarity between six component factors in dry and wet seasons based on the PCA results. There are also significant spatial differences (p > 0.05) of the parameters under study, including salinity, potassium, sulphate and dissolved oxygen in the plain. The least significant difference (LSD) test revealed that groundwater salinity in the eastern region is significantly different to the central and western side of the study area. Finally, multivariate analysis and geostatistical techniques were combined as an effective method for demonstrating the spatial structure of multivariate spatial data. It was concluded that multiple natural processes and anthropogenic activities were the main sources of groundwater salinization, hardness and microbiological contamination of the study area.
Introduction
Groundwater is a primary resource for drinking, as well as industrial and agricultural use in the arid and semiarid regions of the world such as Iran (Shahbazi and Esmaeli-Sar 2009; Subyani and Al Ahmadi 2010) . Nearly 95 % of freshwater in Iran is utilized for agriculture, out of which 80 % is supplied from groundwater (Ahmadi and Sedghamiz 2007) . In areas around the southern coast of the Caspian Sea, such as Amol-Babol Plain, in Mazandaran Province, groundwater is the main source of water supply for potable and irrigation activities. Currently, many deep and shallow wells had been constructed by farmers for agriculture and domestic animal usage posing serious pressure to groundwater in these areas (Shahbazi and Esmaeli-Sar 2009) . This has led to indiscriminate pumping problems, such as seawater intrusion, water-rock interaction, weathering of silicate, dissolution of carbonate and inflow of contamination from anthropogenic sources in the study area. The situation is exacerbated by unsustainable agricultural practices that enable fertilizers and pesticides to leach into the groundwater. Leaching from landfills and domestic sewage of residential areas also remains a threat to the groundwater resources in the areas with shallow wells of less than 5 m, such as in Amol-Babol Plain. Major natural sources of pollution in groundwater may be contributed by dissolution and precipitation of underlying bedrock and seawater intrusion in coastal area (Pazand et al. 2011; Sajil Kumar et al. 2011) . Explanation and prediction of hydrogeological conditions and hydrochemical processes in aquifers are difficult due to uneven quality and quantity distribution in space and time. Thus, advanced research procedures need to be applied (Liu et al. 2003) . Spatial groundwater quality assessment is usually undertaken using geostatistical techniques within Geographical Information Systems (GIS) (Elci and Polat 2010) . These techniques enable researchers to determine the spatial pattern of groundwater pollution by interpolating the groundwater data from sampling wells (Sajil Kumar et al. 2011) . Usually, the interpretation of temporal changes of water quality is more complicated and requires long-term records of groundwater quality data (Elci and Polat 2010) . Multivariate statistical analyses which comprise a number of statistical methods is widely used in the determination of groundwater chemistry in aquifer and watersheds (Guler and Thyne 2004; Belkhiri et al. 2010; Yidana 2010) . It is also useful in the determination of the trace element chemistry of groundwater and can be utilized to identify the rock-water interaction processes (Farnham et al. 2003) .
Recently, a considerable number of researchers have shown an increased interest in the use of multivariate statistical tools and geostatistical techniques to achieve a sustainable exploitation of groundwater resources (Babiker et al. 2007; Bordalo et al. 2001) . The combined use of multivariate statistics and geostatistical techniques enable apportionment of groundwater pollution to reveal the significant relationship in groundwater chemistry. The application of different multivariate approaches by researchers, such as principal component analysis and/or factor analysis (PCA/FA), analysis of variance (ANOVA) and geostatistics are used to provide an easy way of groundwater classification and revealed a significant relationship and differences between parameters (Ahmadi and Sedghamiz 2007) . Moreover, multivariate statistical tools and geostatistical techniques also provide a way of handling large data sets in the environmental studies (Boyacioglu and Boyacioglu 2008; Shyu et al. 2011) . PCA/FA are the most widely used multivariate statistical technique in the apportionment of sources of groundwater pollution (Olmez et al. 1994; Subbarao et al. 1996; Ho 2001; Reghunath et al. 2002; Love et al. 2004; Liu et al. 2008; Shyu et al. 2011) . Papaioannou et al. (2010) used PCA/FA to evaluate groundwater physiochemical and biological variations in lowland, semi-mountain and coastal areas. Elci and Polat (2010) used multivariate statistical analysis for the assessment of water quality changes in a karstic aquifer in the rainy winter and dry summer seasons. Similarly, Adams et al. (2001) applied FA to evaluate groundwater in Western Karoo (South Africa) and its interaction within the environment and reported that the salinization process, mineral precipitation and dissolution, cation exchange and human activity were the main processes influencing groundwater quality. PCA/FA reduce the number of significant effective factors (Yammani et al. 2008) for correlating between the geochemical parameters (Love et al. 2004; Shahbazi and Esmaeli-Sar 2009; Papaioannou et al. 2010) and classifying the groundwater quality data in wet and dry seasons (Yammani et al. 2008 ). This method can also produce the spatial distribution maps of groundwater pollutants. Although FA has been successfully used to identify pollution sources, however, the interpretation of the pollution sources, the factor correlations and rotation of parameters, as well as the specification of the number of factors are highly subjective. The application of geostatistics had been used in different fields of studies such as water quality (Nas and Berktay 2010; Liu et al. 2011; Agoubi et al. 2013 ). Nas and Berktay (2010) mentioned that ordinary kriging (OK) is the most commonly adopted method for environmental studies. They applied OK to determine the spatial distribution of groundwater quality parameters in urban areas in Konya, Turkey. Kooveei et al. (2005) used geostatistical techniques to assess of the water quality in the Sarchahan Plain, Iran. Spatial distribution of electrical conductivity and chloride revealed the influence of Sarchahan diapir on the groundwater quality in the plain. Assessment of groundwater quality requires monitoring programmes that include analysis of physiochemical parameters during a specific time. Although many studies have emphasized spatial analysis of groundwater quality, they ignored the temporal variations in their studies (Al Kuisi et al. 2009; Elci and Polat 2010; Dar et al. 2011) .
Therefore, in this study, the integration of multivariate statistical analysis and geostatistical interpolation methods were undertaken to extract spatial and temporal trends and uncover hidden information within the groundwater quality data. The main objective of this study is to combine different statistical analyses to evaluate the spatio-temporal variation of groundwater quality with the interpolation method in distinct space and time during wet and dry seasons to provide an overview of groundwater chemistry as part of the effort towards the greater management of sustainable exploitation and uses in Amol-Babol Plain.
Materials and methods

Study area
Amol-Babol Plain is part of the central plain in Mazandaran Province in the north of Iran. The area is approximately 1,822 km 2 . It is surrounded by the Caspian Sea in the north, the Alborz Mountain ranges in the south, the Haraz River in the west and the Talar River in the east (Fig. 1) . Topographically, the elevation changes from below sea level in the coastal area to 970 m in the south (the boundary between the plain and Alborz Mountain).
The weather for the plain is extremely influenced by the Caspian Sea and Mediterranean climate. It has a moderate temperature with an average of 25°C in the summer and approximately 6°C in winter (Shahbazi and Esmaeli-Sar 2009) . The plain receives a mean annual precipitation of 870 mm (about 350 mm in the rainy season and around 147 mm in dry season). The annual evaporation is about 997 mm. The Haraz River, Babol River and Talar River originated in the Alborz Mountains and flow to the Caspian Sea (Fig. 1) . Agriculture is the main activity in the plain and irrigated lands-especially rice fields-which covers 85 % of the Amol-Babol Plain (Jamab 1995b) . The rest of the lands are covered by citrus orchards, coastal land, residential areas, forest and bush land (Jamab 1995b) . Almost all of the drinking water and nearly 30 % of the irrigated agriculture water depends on the groundwater resources. The aquifer discharge rate is about 301.7 million m 3 , of which 282.1 million m 3 is discharged from wells and the rest from qanats and springs (Fakharian 2010) . Approximately, 68,130 deep and shallow wells are used as a water resource in Amol-Babol Plain (Fakharian 2010) .
Geology and hydrogeology
Amol-Babol Plain constitutes part of the Gorgan-Rasht geological zone. There are approximately eight lithological units of Permian to Quaternary outcrops in the Plain (Aghanabati 2004) (Fig. 2) . In the south of the study area, the oldest lithological units are represented by Drood, Ruteh and Nesan formations that consist of Permian limestone, shale and marl (Aghanabati 2004) . The period of sedimentation stopped in Alborz Mountain range during the Triassic period, while sedimentation started with the increasing sea level during the Jurassic and Cretaceous periods. Early Jurassic sediment layers are formed by sandstone, siltstone and coal seams, and the late Jurassic period is represented by limestone (Aghanabati 2004) (Fig. 2) . Tertiary units including marl, clay, conglomerate and sandstone mostly extend on the north side of Alborz Mountain range. Quaternary deposits consisting of unconsolidated clay and sandy sediments with freshwater cover an extensive part of the study area.
River alluvial, which naturally occurs through the processes of weathering, form the Haraz homogenous alluvial fans on the west side of the study area near Amol City and Talar heterogeneous alluvial fans on the east side of the Plain (Jamab 1995; Aghanabati 2004) .
The Caspian Sea became an enclosed body during the Late Miocene period with oceanic submarine characteristics only preserved until this time in the southern Caspian (Aladin and Plotnikov 2004) . These areas are now coated with recent sediments, shell deposits and Oolitic sand, which is widespread in the coastal areas. Old seawater that was trapped between sediment layers has been washed by freshwater, except to the east and north-east of the plain, where fossil saline water could not be washed easily, because of the weak Talar River recharge and heterogeneous clay and sandy sediment layers (Jamab 1995) . The thickness of alluvial deposits varies from approximately 10 m near coastal land to nearly 200 m in the homogeneous sediment of the Haraz alluvial fan on the west side of the study area. Generally, the wells in the study area had various depths from 3 to 198 m (Fakharian 2010) . Unconfined aquifers cover approximately 94 % of the Amol-Babol Plain, except a small part in the north-east. The aquifers are mostly fed by the Haraz River and Talar River and their tributaries, which originate in the Alborz Highlands in the southern part of the study area. The main groundwater flow path is generally from the Alborz Mountain range in the south to the Caspian Sea in the north.
Sample collection and analytical technique
Three hundred eight samples were collected from 154 wells during dry season (May and June) and wet season (October and November) in 2009. The water samples were collected after the water was pumped out for 10 min in order to avoid screen contamination and remove groundwater stored in the well (Belkhiri et al. 2010) . Samples were filtered on site using a 0.45-μm acetate cellulose filter. These samples were then stored in acid-washed plastic polyethylene bottles (New Zealand 1998a; Stansfield 2001; APHA 2005) and refrigerated for less than 24 h at 4°Cuntil they were analysed. The temperature, pH, electrical conductivity (EC), total dissolved solid (TDS) and dissolved oxygen (DO) were measured in the field using a multi-parameter WP600 series meter.
Samples were analysed to determine the concentration of sodium (Na values by spectrophotometer. Sterilized glassy bottles were used to collect 100 ml water samples for total and faecal coliforms and stored in the refrigerator at ∼4°C before being transported to the laboratory. Microbiological 
Multivariate statistical techniques
Data pre-processing
Multivariate statistical techniques and geostatistical methods need variables to follow the normal distribution. The standardized skewness and kurtosis were applied to assess whether the data are normally distributed. The kurtosis and skewness values of the raw data changed from −0.073 to 7.01 in dry season to 0.11 to 5.58 in wet season where values outside of −2 to +2 range are not normally distributed (Jagadeesan et al. 2011) . The one-sample Kolmogorov-Smirnov (K-S) test was also applied to assess the normality of the seasonal data distribution (Helsel and Hirsch 2002) . The K-S test quantifies the difference between the observed and expected distributions (Conover 1980) . Generally, the K-S test is considered to be more appropriate than the alternative goodness-of-fit and chi-square test (Gibbons 1993) . The K-S test results showed that only sulphate (p value, 0.28>0.05) and fluoride (p value, 0.42>0.05) were normally distributed. The residual parameters were not normally distributed. Therefore, the raw data was treated using log-transformation (log scaling). After the log-transformation process, the converted variables showed normal distribution. In order to eliminate the influence of different units and avoid misclassification due to vast differences in the data dimension format, log-transformed variables were also standardized by z-scale transformation (Bu et al. 2010; Mustapha and Aris 2012) .
Principal component analysis and/or factor analysis
Principal component analysis and factor analysis (PCA/ FA) are widely applied to analyse interrelationship among different sets of groundwater hydrochemical data to extract the most significant factors and to reduce the data with minimum loss of information (Mustapha and Aris 2012; Schaefer and Einax 2010) . This is achieved by deriving some measures of association between variables which is called liner combination. PCA/FA converts the original data set which includes measurements for each variable measured for each sample and converts them to an equal number of composite variables (Mustapha et al. 2013a ). The first step in PCA/ FA requires the subtraction of the mean from the measurement and then divided by the standard deviation, as presented in Eq. 1, to isolate the statistical errors in repeated measured data. Thus, the mean of each transformed concentration is 0, and the standard deviation is 1. The correlation coefficient matrices are then evaluated, which quantified the linear relationship between pairs of measurements (Liu et al. 2003; Cloutier et al. 2008; Yammani et al. 2008) .
The correlation coefficient (r x,y ) is the sum (over-all samples) of the products of the deviations of the xmeasurements and the y-measurements for each sample, from the mean values of x and y, respectively, for the complete set of samples (Liu et al. 2003) .
The factor loading is ranked following the correlation matrix between the standardized variables. The relationship between variables could be maximized to simplify interpretation by providing a simpler factor structure using factor rotation. Kaiser's varimax rotation scheme (Kaiser 1958 ) was employed in this paper, to maximize the variance of the new variables while minimize the variance around the new variables (Mustapha et al. 2013a) . Normally, the first component factor (F1) shows the variables with the highest variance, and the last factor is the lowest in explaining variation of data set. Kaiser (1958) and Harman (1960) utilized factors with eigenvalues of greater than 1. Each factor model consists of factor loading, which correlate with the factors and the variables. A varimax factor loading of greater than 0.75 is considered as "strong", 0.75-0.50, as "moderate" and 0.50-0.30, as "weak" (Liu et al. 2003) . PCA/FA is widely used in groundwater studies to relate between measured groundwater parameters and the geographical distribution of groundwater quality maps (Reyment and Joreskog 1993; Mustapha et al. 2013b ). The contributions of each factor for each sampling point are termed as factor scores, which were computed from 154 sampling wells in the wet and dry seasons. The factor scores were plotted to create a continuous surface and to represent the extent and degree of groundwater quality variation using kriging method.
Spatio-temporal variation of underground water using two-way analysis of variance
Groundwater quality varies in spatial and temporal. The differences between the mean concentration of groundwater quality variables at each sampling sites at different seasons and space were subjected to two-way ANOVA. Two-way ANOVA is a powerful statistical method that separates the contribution to the overall variations in a set of experimental data and tests their significant differences (Astel et al. 2006 ). The ANOVA test was supported by two assumptions, the data follow the normal distribution and the variance of different data is homogenous (equality of variance). The advantage of factorial design is that it allows a set of hypotheses to be tested at a comparable level of power by using a fraction in the subject or factor. The experimental design allows the evaluation of the interaction effects between two or more independent variables.
A 3×2 two-way ANOVA between subject effects (completely randomized) factor design was performed on the log-transformed variable or data set to explore the statistically significant parameters that brings groundwater variations and the mean differences spatially and temporally in Amol-Babol Plain. For spatial differences, three different zones were studied: west zone (Haraz alluvial fan), east zone (Talar alluvial fan) and Central Plain (between Haraz and Talar alluvial fan). The temporal variation studied were the seasons (dry and wet season). The null hypotheses tested were as follows:
H 0 1 There are no significant differences in the mean of the physico-chemical parameters of the groundwater in the west zone (Haraz alluvial fan), east zone (Talar alluvial fan) and Central Plain (between Haraz and Talar alluvial fan) of Amol-Babol Plain. H 0 2 There are no significant differences in the mean of groundwater quality variation between the dry and wet seasons in Amol-Babol Plain. H 0 3 There are no interaction effects between the different zones and seasons in Amol-Babol Plain.
When ANOVA gives significant results, it means that at least one group differs from the other group. In order to consider the patterns of the significant difference between means, post hoc comparison tests were designed for additional exploration of the difference among the pairs of means to provide a specific information concerning which means were significantly different from each other (Abudaya and Hararah 2013) . Although different kinds of post hoc tests are available, the least significant differences (LSD) test was applied in this study. The LSD test was developed to compute the smallest significant difference between two means and to express any significant difference larger than the LSD.
Geostatistical technique
Based on the PCA/FA, the factor scores estimate the contribution of the factors to each original variables and describe the degree to which the geochemical process are expressed in the composition of the samples (Davis and Sampson 2002) . The spatial distribution of the factor scores represents geochemical processes which are modelled with GIS and geostatistical techniques (Healy 2013 ). An interpolation method of kriging is utilised for spatial distribution of factor scores in this study. It is an advanced geostatistical techniques based on the statistical model that creates an estimated surface from a set of points with z values, such as factor scores. The spatial character of the factor scores was evaluated using the Moran's Index, which measured the spatial autocorrelation of the factor scores. The Moran's Index near +1.0 indicates clustering and near -1.0 indicates dispersion. Moreover, the spatial correlation between values at different locations could be measured by semivariogram and the value of the experimental variogram for a separation distance (h) is half the average squared difference between the value at Z(x i ) and the value at Z(x i +h), as presented in the Eq. 2 (Lark 2000; Robinson and Metternicht 2006) .
By analysing the experimental variogram, an appropriate model is fitted using weighted least squares. Parameters such as range, nugget and sill are then applied in the kriging method. If the nugget-sill ratio is close to 1, then most of the variability is resulted from random processes; then, measurement error is high (Li and Australia 2008) . The kriging method prepares the best unbiased linear estimator (Delgado et al. 2010) , which depends on the correlation structure chosen, based on the regionalized variable (Matheron 1965 ) and provides an interpolated estimate for a given location, as well as a variance estimate of the interpolate values. The general equation of the kriging method in an unsampled location Z(x 0 ) is presented in the Eq. 3:
where λ i is the weight assigned to each of the observed sample sites. The mean error (ME) and the root mean square error (RMSE) were used to evaluate the best model performance in the cross-validation mode. In the estimation, the degree of bias is determined by the ME as represented in the Eq. 4:
where n is the number of samples, Z(x i ) is the estimated and Z(x i ) is the measured value. The error size and precision between the estimated model and values is measured by RMSE as in the Eq. 5:
where, n is the number of samples, Z x i ð Þ is the estimated and Z(x i ) is the measured value.
The best model with the accurate prediction is represented by the ME being close to zero (0) and the RMSE as small as possible.
Results and discussion
Descriptive statistics
Descriptive statistical analyses were carried out to provide a preliminary analysis on groundwater quality in dry and wet seasons. Descriptive statistical analyses provide a summary of mean, maximum, minimum and standard deviation in each season separately. During dry season, the mean value of EC is 1,160 μs/cm; however, it increases slightly to 1,188 μs/cm in wet season. However, the mean concentration of EC is lower than the EPA (2011) standard limit of 2,500 μs/cm in both seasons (Table 1) . Nevertheless, the mean values of TDS are higher than the EPA (2011) standard (500 mg/l) for both seasons. The TDS values range from 359 to 2,459 mg/l and from 414 to 3,122 mg/l for dry and wet seasons, respectively.
The mean concentrations of K + range from 20.82 and 13.10 mg/l in wet and dry seasons, respectively. In wet season, the maximum K + value reaches nearly 170 mg/l, which is considerably higher than the permissible limit of 12 mg/l in EU (98/83/EEC). The maximum concentration of NO 3 − as N is 39.4 mg/l, which is four times greater than the EPA (2011) drinking water standard (10 mg/l as N). In wet season, the maximum concentration of NO 3 − reaches to 20.2 mg/l. However, in both seasons, the mean concentrations are lower than the permissible limit of 10 mg/l as N in the EPA (2011). The increasing application of synthetic fertilizers, such as nitrate and potash in the irrigated lands have been identified as a main source of K + and NO 3 − concentration in groundwater (Miguel and Rosario 2008) . However, there are also other nitrate and potassium sources related to urban developments and mineralogical composition that may increase the pollution concentration in the groundwater (Wakida and Lerner 2005; Miguel and Rosario 2008) . Around 83 % of sampling wells have north-east of the plain. These areas were probably influenced by seawater intrusion and fossil water. Geophysical studies showed that the presence of marine sediments with Bivalvia fossils extending from the north to the east of the study area. The determination of the depth of alluvial by geoelectrical methods was unsuccessful due to the presence of the saline water in the study area (Fakharian 2010) .
Phosphorus occurs naturally from the weathering process of rocks and minerals. However, anthropogenic sources, such as phosphate fertilizers and untreated sewage, may increase the PO 4 3− concentration in groundwater. Phosphates are retained in the soil by a complex system of biological absorption and mineralization and are not toxic to humans or animals, unless they are present in very high levels. PO 4 3− , which enters the aqueous environment, may lead to uncontrolled growth of algae and other aquatic plants, causing eutrophication of the aqueous system (Srinivasa et al. 1997) .
The mean values of total coliform range from 332.9 and 342.4 MPN/100 ml in the dry and wet seasons, respectively. However, broad ranges of coliforms are reported from 0 to 4,000 MPN/100 ml in the study area. Based on WHO (2011), the total and faecal coliforms must be zero to protect human from diseases, such as diarrhoea, nausea, vomiting, cramps or other gastrointestinal distress. The presence of faecal coliform in groundwater indicates a potentially hazardous situation and requires immediate attention (Liu et al. 2003) . The presence of coliforms in groundwater may indicate that the groundwater has been affected by surface runoff and anthropogenic pollution. Potential sources of faecal coliforms are organic fertilizers, animal faecal and septic sewage.
Significant differences could be observed in the minimum and maximum concentration of the parameters, especially EC, TDS, K 
, Cl
− and Na + in Amol-Babol Plain (Table 1) . Groundwater quality could be changed in different regions, due to the plain covering an extensive area from highlands on the south side to the central plain and coastal land in the north (Fig. 2) .
Groundwater pollution sources apportionment
Before conducting PCA/FA, it is essential to check the sampling adequacy and sphericity to see if it is worthwhile to proceeding with the PCA/FA analysis through the use of Kaiser-Meyer-Olkin (KMO) test and Bartlett's test of sphericity. As a rule of thumb, if the KMO test is 0.5 or higher, PCA/FA is valid. The Bartlett test is applied to test the hypothesis that the variables are significantly correlated or not. The KMO results are 0.68 and 0.708 in dry and wet seasons, respectively, and the Bartlett test was significant (p value, 0.0001< 0.05), which indicates the suitability of data for PCA/ FA. In order to maximize the relationship between the variables under study, the PCs are rotated using the varimax rotation factor, which is used to facilitate interpretation by providing a simpler factor structure (Helena et al. 2000) . The PCA/FA results showed that the seven component factors in both seasons have eigenvalues greater than 1 ( Table 2 ). The component factors were ranked following the correlation coefficient matrix between the variables. These factors explain 75.00 and 73.40 % of total variance in dry and wet seasons, respectively.
Moreover, the expression of geochemical process was described by the component factors could be mapped based on the spatial distribution of factor scores. The result of all factor scores show random variation except for factor score 3 (Table 3 ). The factor score 3 in the wet season shows z factor of 1.82 and Moran's Index of 1.61, which indicate that 5-10 % likelihood to spatial clustering. Similarly, factor score 3 in the dry season shows tendency to cluster pattern.
This can indicate that the expressions of factor 3 are controlled by spatial processes, which can reflect the tendency originated from residential areas. Moreover, variogram analysis was also used in an attempt to quantify to spatial structure of the element groups showed by the factor scores. Exponential, spherical and K-Bessel models were selected after crossvalidation had been undertaken (Table 3) .
Based on the calculated factor loading, the first three factor loadings in both seasons represent similar variance with a factor loading greater than 0.7, namely, EC, TDS, Na + , Cl − and salinity in first factor; Mg
2+
, Ca
and hardness in the second factors and total and faecal coliforms in the third factor ( Table 2 ). The first factor usually represents the most important process that controls hydrochemistry of groundwater (Yidana 2010 ).
The initial factor showed a maximum variance of 22.92 % in dry season and 24.78 % in wet season. The Pearson correlation matrix between physiochemical parameters under study showed a significant positive relationship (Table 4) . Table 4) . The groundwater quality in coastal lands of Mazandaran Province was revealed to have degraded heavily in recent years due to the influence of saline water and high evaporation rate (Khodapanah et al. 2009 ). The Na/Cl ratios for groundwater ranged from 0.11 to 3.18 in dry season and 0.06 to 1.95 in wet season; these rates indicated that fresh groundwater had been contaminated by seawater intrusion, fossil saline water trapped between sedimentary layers and cation exchange. F1 indicates that groundwater salinity increased from the west to the east side of the study area and showed a serious salinity hazard for the northeastern side of the plain (Fig. 3) . It has been shown that the fossil saline water has remained between sediment layers in the north-east and east side of the plain (Jamab 1995; Bold numbers indicate correlation is significant at the 0.05 level Fakharian 2010). The wells had probably been drilled through these sediment layers that had been contaminated by fossil saline water trapped between these layers. The second component factor (F2) explains 13.78 and 11.43 % of the variance, respectively, in dry and wet seasons ( . There is a strong positive correlation (r=0.869 in dry and r= 0.778 and wet season) between hardness and magnesium (Table 4 ) and the strong positive correlation between Ca 2+ and groundwater hardness (r=0.512 and r= 0.816 in dry and wet seasons, respectively). This indicates that carbonate rock dissolution had increased groundwater hardness in the study area. The magnesium concentration is found to increase gradually from west to north and north to east (Fig. 4a, b) . The high concentration of Na + , Mg 2+ and Cl − in groundwater may indicate an encroachment of seawater in the aquifer (Aris et al. 2008) . The second factor results may indicate the spatial distribution of groundwater hardness is determined by the dissolution and precipitation of calcite and dolomite rocks and sediments in the southern side of the study area (Fig. 4a, b) . The probable reason for groundwater hardness is that the recharge areas are located in the limestone bedrock of Alborz Mountain range in the southern part of the study area (Fig. 2) . Moreover, seawater trapped between sedimentary layers on the northeastern side had been enriched in cations and anions by evaporation for thousands of years. Component factor 3 (F3) in wet and dry seasons represents total and faecal coliforms (Table 2 ). These factors explain 11.18 and 10.01 % of total variance in dry and wet seasons, respectively. Total coliforms are not a reliable single sanitary indicator of groundwater, because the coliform group includes species of faecal as well as non-faecal origin (Sworobuk et al. 1987) . The strong correlation between total and faecal coliforms (r=0.847 and r=0.852 in dry and wet seasons, respectively) suggest that microbiological pollution may be originated primarily from animal or human sources (Whitlock et al. 2002) . The presence of coliforms in groundwater may indicate the influence of biological pollution from residential and agricultural sewage, especially near the big cities of Amol and Babol in the centre of the plain and areas with shallow wells near the coastal plain (Fig. 5a, b) . Although, the groundwater quality less infected by biological pollution along the Haraz River and around Amol City in both seasons but the pollution extended towards the eastern part, where shallow wells are easily influenced by runoff from residential areas and agricultural lands by increasing precipitation during wet season. Furthermore, shallow groundwater sources may carry faecal coliforms from failing septic system in to watershed (Whitlock et al. 2002) . Poor well maintenance and shallow dug wells, which have been constructed by farmers, may increase the risk of bacteria and other microbiological pollutants contaminating the water supply. Component factors 4 to 7 (F4-F7) showed distinct parameters with a factor loading greater than 0.7 for dry and wet seasons. Although it is clear that for most factors, the same variables with different variances occurred in the two seasons, these differences could be explained by the impact of seasonal changes on groundwater quality. F4 in dry season showed a high loading on the HCO 3 − and CO 3 2− that indicated the interaction of water with limestone and dolomite in the recharge areas and alkaline water type. CO 3 2− and HCO 3 − have negative correlation coefficients (r = −0.418) (Table 4 ). This means that the increased concentration of HCO 3 will decrease the concentration of CO 3 2− . The relationship between CO 2 , CO 3 2− and HCO 3 − is affected by temperature, pressure and pH (Karanth 1990 ). F4 in wet season explains loading on the nitrate in the groundwater ( Table 2 ). The presence of NO 3 − represents the influence of agricultural and domestic contamination of groundwater in Amol-Babol Plain. Nitrate usually originates from fertilizers, septic systems, animal feedlots, industrial waste and food processing (Jahed Khaniki et al. 2008) . The annual average of nitrate fertilizers utilised is about 529 kg/ha in Mazandaran Province (Mehrdadi et al. 2007 ). The excessive nitrate in the groundwater during wet season is probably due to increasing runoff and infiltration of nitrate in irrigated lands, especially in the areas of Amol-Babol Plain with shallow wells.
F5 in both seasons explains the biochemical oxygen demand (BOD) and chemical oxygen demand (COD).
There is a strong positive correlation (r=0.910) in wet season, and moderate positive correlation (r=0.508, p value<0.05) in dry season between BOD and COD ( Table 4) .
The BOD indicates the oxygen demand of biodegradable pollutants whereas the COD represents the oxygen demand of biodegradable pollutants plus the oxygen demand of non-biodegradable oxidized pollutants. The high concentration of BOD and COD could be (2014) 186:5797-5815 observed in coastal land and area with shallow wells that are exposed to pollution from sewage, fertilizers and manure in the study area. F6 and F7 explained around 10 % of the total variance in dry and wet seasons and were represented by phosphate and dissolved oxygen ( Table 2 ). The dissolved oxygen concentration is a critical parameter in the assessment of groundwater contamination, especially those involving landfill leachate and sewage runoff. Generally, shallow wells are vulnerable to contamination by runoff from irrigated lands and urban areas.
Therefore, low concentration of DO is usually expected to occur in coastal lands and during the wet season. The presence of PO 4 3− could be due to the agricultural runoff from livestock waste and fertilizers (Juahir et al. 2010) . Mehrdadi et al. (2007) noted that more than 700 kg/ha phosphate fertilizers annually is used in Mazandaran Province.
Spatial and temporal variations of groundwater quality
The groundwater quality data showed temporal and spatial variations in Amol-Babol Plain (Tables 1 and  2 ). The observed variation of water quality parameters across the plain and between seasons were statistically tested using two-way ANOVA (Table 5 ). The study area was divided into three zones: west zone (Haraz alluvial fan), east zone (Talar alluvial fan) and central plain (between Haraz and Talar alluvial fans). The zone is delineated based on the important role of the Haraz River and Talar River and their alluvial fans to the plain. The temporal and spatial variation of 22 parameters ( Table 5 ) analysed showed that only four groundwater quality parameters, pH, K + , HCO 3 − and CO 3 2− , have significant temporal variations (p value<0.05) between both seasons in the study area. 
, Cl
− and Na + showed significant spatial variability (p<0.05) in the plain. The variation of each of the mentioned variables in three different zones could be explained using the post hoc test following the two-way ANOVA. The interaction of season and region effects did not show significant differences for any of the groundwater quality variables, in as much the p values were greater than the significance level (0.05) ( Table 5 ).
The two-way ANOVA analysis for electrical conductivity (EC) showed no significant seasonal variation (p value, 0.546>0.05; F, 0.376) during both seasons (Table 5). However, the mean concentration of EC was significantly different (p value, 0.000<0.05; F, 22.1) between the three regions. The LSD test revealed that the EC concentration showed significant variation among Haraz alluvial fan (west), Talar alluvial fan (east) and the central plain in the study area (Table 6 ).
The differences among the TDS means of the seasons were also not significant (p value, 0.404>0.05; F, 0.699). However, two-way ANOVA analyses showed that there are significant spatial variations for the TDS concentration (p value, 0.000<0.05; F, 20.2). The LSD test illustrated that TDS concentration was significantly different between the west, east and central sides of the Amol-Babol Plain (Table 6 ).
There is no significant (p value, 0.403>0.05; F, 0.7) temporal variation of chloride between dry and wet seasons. However, spatial variations were found to be highly significant (p value, 0.000<0.05; F, 15.8). The LSD test showed that the mean concentrations of chloride significantly varied from the west side, to the central and eastern sides of the Amol-Babol plain. However, the variation from the central plain to the eastern side (Talar alluvial fan) is not statistically significant due to p value was 0.226 which is greater than 0.05 (Table 6) . Although temporal variation of sodium concentration was not found to be significant between dry and wet seasons (p value, 0.481>0.05; F, 0.043), the spatial variation showed significant differences (p value, 0.000<0.05; F, 14.9). The LSD test indicated that sodium concentrations were significantly varied in the three regions of the Amol-Babol Plain (Table 6 ). The results of the two-way ANOVA test indicated that EC, TDS, Cl − , Na + and salinity factors (F1) ( Table 2 ) are timeindependent variables in the study area. Otherwise, groundwater salinity significantly varies over space due to the reaction among the seawater intrusion from Caspian Sea and coastal land's fresh water, fossil saline water trapped between sediment layers and lithology of the bedrocks.
Groundwater salinity was found to increase gradually based on the first factor score from the western side to the centre while a greater increase was found in the east and north-east of the plain (Fig. 3) . Although most parts of the Amol-Babol Plain suffer low groundwater quality influenced by fossil saline water, the groundwater quality in the Haraz alluvial fan is generally good. This is probably due to the dilution effects in the homogenous sediment layers. (Table 5) . Therefore, the explanation about temporal variation of groundwater hardness must be flexible and requires long-term monitoring (Elci and Polat 2010) . The groundwater hardness increases slightly in wet , 0.719>0.05; F, 0.332). However, magnesium concentrations showed significant spatial differences in the central plain towards the eastern side (p value, 0.072>0.05) and to the western side (p value 0.103>0.05).
The mean values of the total and faecal coliforms showed no significant differences (p value, total coliform, 0.234; F, 0.038 and faecal coliforms, 0.306>0.05; F, 0.03) between seasons. Likewise, the spatial variation of coliform values were found to be non-significant (p value, total coliform, 0.845; F, 1.46 and faecal coliforms, 0.862>0.05; F, 1.19) in the plain. Therefore, the biologic pollution which was represented by F3 (Table 2) do not change between the seasons and among regions in Amol-Babol Plain.
Carbonate and bicarbonate showed significant temporal variation (p value of HCO 3 − and CO 3 2− , 0.000< 0.05) between both seasons. The temporal variation of pH is also significantly different (p value, 0.000<0.05; F, 16.6). The pH values are lower in wet season compared to dry season. However, the concentration of bicarbonate increased in wet season (Table 1) . In slightly acidic conditions, H 2 CO 3 is the dominant carbonate anion, followed by HCO 3 − , and then CO 3 2− as the solution becomes more basic. It seems that the dissolution of carbonate minerals, which supplies HCO 3 − and CO 3 2− to the groundwater, depends on seasonal variations. The spatial variation of carbonate was significantly different (p value, 0.000<0.05; F, 10.1) in AmolBabol Plain. The LSD test indicated that a significant variation was observed in Talar alluvial fan of the study area. The spatial variations of HCO 3 − and pH are borderline significant (p values of HCO 3 − , 0.071; F, 2.67 and pH, 0.069>0.05; F, 2.69). Although the spatial variations of pH and HCO 3 − are not significant, further investigation will be useful to follow the spatial variation in other sampling wells. The spatial distribution was significant for the sulphate, potassium and dissolved oxygen (p value, 0.039; 0.018; 0.01 < 0.05, respectively) concentrations in groundwater samples. The LSD test showed that the mean concentrations of K + , SO 4 2− and DO are significantly different in Talar alluvial (eastern side) to the central plain and Haraz alluvial fan on the western side of the study area (Table 6 ). The mean concentrations of DO and SO 4 2− did not show any significant variation between wet and dry seasons (p value of DO, 0.364; F, 0.827 and SO 4 2− 0.159>0.05; F, 1.99). However, the mean concentration of potassium increased from 13.1 mg/l in dry season to 20.82 mg/l in wet season (Table 1) , which represented a significant variation (p value, 0.002<0.05; F, 9.98) during the seasons.
Conclusions
This study indicates that the groundwater quality of Amol-Babol Plain is influenced by factors, such as salinity, microbiological pollution and hardness in both seasons. The two-way ANOVA tests revealed that the salinity and total faecal coliforms were found to be timeindependent, and the hardness parameters only change slightly between wet and dry seasons. Moreover, the ANOVA result can explain the similarity between strong factor loading in six component factors during wet and dry seasons as results of principal component analysis. The LSD test shows that there were significant variations in groundwater quality between Haraz alluvial on the west side, to the central plain and Talar alluvial on the eastern side of the Amol-Babol Plain. The spatial variability of factor score 1 generated by the kriging method shows an increase in salinity, TDS, EC, Na + and Cl − from the west to east and in the north-east of the Plain. The source of salinity could be from of seawater intrusion or due to the extension of fossil water between heterogeneous sandy and clay sediments on the east side of the Plain. Although the groundwater hardness and microbiological pollutions did not show significant spatial variations, the concentrations of K + , SO 4 2− , DO, Mg 2+ and carbonate were found to be significantly different from the eastern to the central and the west side of the study area. Consequently, temporal variations have a less significant impact on the main pollutant concentrations in groundwater, because other conditions, such as lithology, land use and seawater intrusion, play an important role in groundwater quality in the study area. Whereas information about temporal and spatial trends of groundwater quality helps in the decision-making process of the government, especially in arid and semi-arid countries, the study of groundwater quality changes and prediction of probable variations, and more frequent sampling assessment, specifically in the high-risk areas, is proposed.
